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1
BLADE INSERT ILLUMINATOR

CROSS-REFERENCE

The present application is a continuation of U.S. patent
application Ser. No. 14/550,753 filed on Nov. 21, 2014 now
U.S. Pat. No. 9,022,929, which is a continuation of U.S.
patent application Ser. No. 13/222,376 now U.S. Pat. No.
8,920,316 filed Aug. 31,2011, which is a continuation of U.S.
patent application Ser. No. 11/805,682, now U.S. Pat. No.
8,047,987 filed on May 23, 2007, which is a non-provisional
of, and claims the benefit of U.S. Provisional Patent Applica-
tion No. 60/808,877 filed on May 26, 2006; the entire con-
tents of which are incorporated herein by reference.

FIELD OF THE INVENTION

The inventions described below relate to the field of medi-
cine and more specifically, to providing in vivo surgical field
illumination during surgical procedures.

BACKGROUND OF THE INVENTION

Surgical procedures often employ the use of retractors to
separate and hold tissue to expose the underlying tissue on
which the procedure is to be performed. Blade retractors are
a type of retractor that typically have a flat or slightly curved
blade that is inserted into the body. The blade may have a
handle portion that is used to manipulate the blade. One or
more blade retractors may be used in a surgical procedure.
Illumination in these procedures is typically limited to exter-
nal illumination sources such as ceiling or wall mounted
lights or light sources integrated into a headband worn by the
surgeon (e.g., LED based or fiber optic based). These light
sources provide poor illumination of the deep tissue on which
surgery is to be performed. Fiber optic devices may be fixed
to a blade retractor to shine light on the deep tissue, but fiber
optic systems either provide a small spot of light requiring
constant repositioning to view all the tissue, or they provide a
very diffuse light that does not adequately illuminate the
tissue of interest. The fiber optic also has a very small emis-
sion area. Any debris or blood that covers it will block the
majority of illumination. Furthermore, fiber optic devices are
very expensive, requiring specialized cutting, grinding and
polishing. Some blade retractors are provided with length-
wise channels into which ancillary retracting or illumination
devices may be inserted. Blade insert illumination devices are
currently limited to fiber optic approaches with their poor
illumination characteristics

SUMMARY

A blade insert illuminator may comprise one or more illu-
minator sections designed to engage a mating channel or
channels formed in the blade. The illuminator is preferably
made from a suitable light conducting plastic material such as
acrylic or polycarbonate or silicone. Blade insert illuminators
may be characterized by having a light input portion, a light
conducting portion and a light output portion. The blade
illuminator may be oriented at any suitable position along the
retractor blade channel.

The light input portion of a blade insert illuminator
receives light from an external light source. Such a light
source may be an external light box, e.g., a xenon light box, to
which one end of a fiber optic light guide cable is attached to
conduct light to the surgical field. In this instance, the other
end of the fiber optic cable would be the source of light for the
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blade insert illuminator, for example, by employing a mating
connector on the illuminator so that it may connect to the fiber
optic cable. The light input portion may include a short sec-
tion of a light conducting material, such as for example, a
suitable plastic or a fiber optic bundle, that is permanently
integrated or temporarily attached.

The light conducting portion of a blade insert illuminator
typically is responsible for conducting light from the light
input section to the light output section. It may be simply a
section of optical material designed to support total internal
reflection that is integral with the light input and light output
portions. Any suitable surface treatment, such as for example,
polishing, reflective coating, anti-reflective (AR) coatings
and or dielectric coatings may be used to support total internal
reflection.

The light output portion of a blade insert illuminator con-
tains specially designed output optical structures that allow
light to be extracted from the illuminator to shine onto a
predetermined area of interest. Such structures may be
molded into the light output portion or such structures may be
applied, for example, as a film.

A blade insert illumination system may consist of a single
illuminator that contains the light input, light conducting and
light output portions in a simple, single device that acts as a
waveguide. Such a system may also be comprised of different
sections of illuminator components that attach together to
form a complete system. In this case, there may be a light
input section designed to receive light from a light source, one
or more light conduit sections designed to conduct light from
the light input section to a light output section, and a light
output section containing the optical output structures that
allow light to escape and illuminate a predetermined area of
interest, said sections attaching together to form a complete
system. Each section acts as a waveguide and may employ
optical structures to polarize and or filter the light energy
entering or exiting the waveguide.

A blade insert illuminator must be designed and fabricated
to maximize light transfer from the light source or fiber optic
input cable and minimize light loss from the waveguide in
order to provide an efficient light transmission system. Effi-
ciency is particularly important for LED and other light
sources, e.g., halogen or xenon lamps, because it directly
determines the required brightness of the LED. An inefficient
waveguide experiences significant light loss, typically 60% of
light may be lost from input to output. Such a light guide
would require a high power LED to provide sufficient light. A
high power LED requires a lot of power and generates sig-
nificant heat, thereby requiring large batteries and bulky and
inconvenient heat sinking devices and methods that add to the
size and increase the difficulty of using such a device. Other
high power light sources often require noisy fans, which may
disturb the medical personnel conducting a surgery or medi-
cal exam. Lamps used in high power light sources have a
limited life time, requiring frequent and expensive replace-
ment, due to the need to drive the lamp at high power levels to
generate enough light. An efficient waveguide, one in which
light loss is typically less than 30%, allows a much lower
power LED or other light source to be used, thereby signifi-
cantly reducing or eliminating the need for special heat sink-
ing devices and methods, reducing cost, and improving the
usability of the device. The design of an efficient blade insert
illumination waveguide may involve special design of the
light input portion of the waveguide to efficiently capture the
incoming light, for example, by careful selection of numeri-
cal apertures or using a lens, design and fabrication of the
light reflecting walls of the light conducting portion of the
waveguide to maintain surface finish to maximize reflection
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and reduce light lost through refraction, the use of reflective
or dampening coatings, the design of light directing optical
structures that direct the light toward the light output optical
structures while minimizing light loss through refraction, and
or the design of light output optical structures that maximize
light exiting the waveguide through refraction, particularly
refraction of light in certain directions, while minimizing
light lost through reflection.

A blade insert illumination system includes one or more
illumination elements composed of a transparent or semi-
transparent polymer that is preferably biocompatible and
sterilizable. The illumination elements operate as a
waveguide and may incorporate optical components such as,
for example, symmetric or asymmetric facets, lenses, grat-
ings, prisms and or diffusers to operate as precision optics for
customized delivery of the light energy. The illumination
elements may be modular, allowing components to be mixed
and matched for different sizes of blade retractors, or may be
a single integrated unit. Each module may also have different
performance characteristics such as a diffuse light output or a
focused light output allowing users to mix and match optical
performance as well.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a blade insert illuminator.

FIG. 1A is a cross-section of the blade insert illuminator of
FIG. 1 taken along A-A.

FIG. 1B is a cross-section of the blade insert illuminator of
FIG. 1 taken along B-B.

FIG. 2 is a perspective view of an alternate blade insert
illuminator.

FIG.2A is a perspective view of the attachment mechanism
of the blade illuminator of FIG. 2.

FIG. 3 is a perspective view of another blade insert illumi-
nator.

FIG. 3A is a close perspective view of the light output
section of the blade illuminator of FIG. 3.

FIG. 3B is a close perspective view of a conduit section of
the blade illuminator of FIG. 3.

FIG. 3C is a front view of a light ray path for a light conduit
section of the blade illuminator of FIG. 3.

FIG. 4 is a perspective view of a single waveguide blade
illuminator with a flexible input coupling for a short blade
retractor.

FIG. 5 is a perspective view of a single waveguide blade
illuminator system with a flexible input coupling for a long
blade retractor.

FIG. 5A is a perspective view of an alternate waveguide
blade illuminator with a rigid input coupling.

FIG. 6 is a perspective view of an alternate attachment
mechanism for blade insert illuminator sections.

FIG. 7 is a side view of blade insert illuminator with
stepped waveguide sections.

FIG. 8 is a perspective view of an alternate single
waveguide blade insert illumination system.

FIG. 9 is a perspective view of a single waveguide blade
insert with a light directing structure.

FIG. 10 is a perspective view of a single waveguide blade
insert with a light directing structure with an attachment
mechanism.

FIG. 11 is a perspective view of a single waveguide blade
insert with a waveguide element comolded with a retracting
element.

DETAILED DESCRIPTION OF THE
INVENTIONS

Retractor illumination system 10 of FIG. 1 includes blade
retractor 12 including channel 13 to engage a fiber optic input
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14 and waveguide illuminator 16. Latch 17 serves to
mechanically attach waveguide illuminator 16 to fiber optic
input 14 so that the resulting assembly may be moved up and
down in channel 13 to any position suitable for illumination.
The optical coupling between fiber input 14 and waveguide
illuminator 16 is a simple face-to-face coupling, which may
be enhanced by use of an index matching gel, or other similar
material, applied to either the fiber input 14 or the waveguide
illuminator 16 or both. Light entering waveguide illuminator
16 is contained within the waveguide with minimal light loss
until it reaches output optical structures such as output struc-
tures 18, where light exits to illuminate the predetermined
illumination area 20. Output optical structures 18 may
include one or more stair stepped facets or lenses that may
include a radius or angled face, one or prism structures, one or
more diffraction gratings, applied optical film, or other opti-
cal structures designed to direct the available light to the
predetermined illumination area 20.

In the cross-section view of FIG. 1A channels 13 of blade
12 engage waveguide illuminator 16. Any suitable channel
configuration may be used, such as, for example, a single
channel with a circular or rhomboid cross-section. The sec-
tion view of FIG. 1B shows a section of blade retractor 12,
waveguide illuminator 16 and fiber input 14, with detail
showing latch 17 which snaps into a hole or detent 14D
formed in fiber input 14 and the latch may be disengaged with
a minor amount of force. Output optical structures 18 control
and direct output light energy 21 which illuminates predeter-
mined illumination area 20.

Alternate blade insert illumination system 22 of FIG. 2
includes blade retractor 24 that includes light input section
26, one or more light conduit sections such as light conduit
section 27, and a light output section such a light output
section 28 that includes one or more output optical elements
such as output optical elements 30. In this configuration, light
input section 26 has an integrated fiber optic input 32. One or
more fiber optic strands such as strands 32A and 32B may be
integrated into the upper portion of light input section 26 by
molding the strands into light input section 26, gluing the
strands into a formed receiving hole 26R formed into the
section, or other suitable methods. A light coupling element
such as element 33 may also be included to improve light
coupling and distribution. A collar such as collar 34 may be
provided to aid in strain relief for the optical fiber input. Light
directing structure 36 causes the light coming into the center
of the waveguide illuminator to be directed along the sides of
light input section 26. The same light directing structure is
shown in light conduit section 27, serving to direct the light
down to the next section. Light input section 26 and light
conduit section 27 may be provided without the light direct-
ing structure, but this may result in a decrease in efficiency.

Output optical element 30 may have a flat face to which an
optical output film is applied to allow light to escape and
direct the light toward tissues of interest, or output section 28
may have output optical film or molded structures located on
or integrated into rear face 28R that serve to send light out
through output optical element 30.

FIG. 2A shows the blade insert illuminator system of FIG.
2 with light conduit section 27 removed to show the section
attachment mechanism consisting of one or more male mem-
bers such as engagement member 38 and a corresponding
receptacle such as receptacle 39. Output end 38A of the male
member 38 may also include one or more output transmission
coupling structures or optical structures, e.g., a lens, such as
lens 38L to focus the light into the corresponding receptacle.
Bottom 39A of receptacle 39 may also include one or more
input transmission coupling structures or optical structures,
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e.g., a lens, such as lens 39L to spread light into its corre-
sponding waveguide. In use, the male members are pressed
into the female receptacles of the subsequent section and
friction holds the sections together.

In this configuration, light conduit section 27 of FIG. 2 may
be removed, allowing light input section 26 and light output
section 28 to be directly connected together, for example, to
fit a blade having a short length or to permit adjustment along
the blade retractor of the waveguide element to adjust the
location of the illumination area. One or more light conduit
sections 27 may be added to the assembly to fit blades of
medium or long length thereby providing a modular blade
insert illumination system whose components may be mixed
and matched as needed. For example, if more than one blade
retractor is used in a procedure, one blade may be fitted with
a shorter assembly of blade illumination components to illu-
minate the upper part of the surgical field and a second blade
may be fitted with a longer assembly of blade illumination
system components to illuminate the lower, deeper part of the
surgical field. Sliding a blade insert illumination system up
and down slightly within the blade channel allows the illumi-
nation area to be adjusted, for example, sliding the light
output section closer to the work area increases the intensity
of illumination and sliding it away from the work area pro-
vides amore diffuse, less intense illumination. In this way, the
modular blade insert illumination system may be optimized
for a particular type of work to be performed.

FIG. 3 illustrates an alternate blade insert illumination
system 40 inserted into blade 12. Blade insert illumination
system 40 includes light input section 40 A, one or more light
conduit sections such as conduit sections 40B and light output
section 40C. Bifurcated fiber optic cable 41 is integrated into
light input section 40A. This blade illuminator configuration
includes an engagement arm 42 and light directing structure
44.

FIGS. 3A, 3B and 3C illustrate details of arm 42 and light
directing structure 44. When two or more modular elements
of'blade insert illuminator system 40 engage channels 13, the
engagement arm 42 of first element 40B engages adjacent
element 40 A to maintain a secure optical connection at inter-
face 45 between the elements. Arm 42 is a generally resilient
member to permit flexing at joint 46 which permits tooth 47 to
engage the light directing structure of the adjacent element.
One or more light control elements such as light collecting
lens 48 may be included at the input end of each blade illu-
minator element such as input end 49 of light output section
40C. Similarly, light output lens 50 may be included at the
bottom, exit or output end 51 of a light conduit section such as
conduit section 40B. Lenses 48 and 50 are illustrative of the
use of optical structures to aid in the transmission of light
between modules. Any other suitable optical structures such
as angled facets, multi-faceted lens structures, spherical or
aspherical lens may also be used. FIG. 3C illustrates how light
travels in a blade insert illuminator conduit such as conduit
element 40B. Light from bifurcated fiber optic cable 41 first
enters the top of light input section 40A as illustrated in FIG.
3. Light energy 52 entering a blade illuminator waveguide
such as conduit 40B, either from the fiber optic cable or light
collecting lens 48, are guided by light directing structure 44
and light output lens 50.

Single element blade illuminator 54 is shown in FIG. 4. In
this example, retractor 56 has a short blade 57. When used
with a retractor having a long blade, single element blade
illuminator 54 may be adjusted along the length of the retrac-
tor blade to provide illumination wherever it is needed.

In this configuration, a short section of fiber optic cable 58
is integrated into blade illuminator waveguide 60 at the output
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end and has any suitable connector 62 such as an industry
standard ACMI connector or any other type of standard or
proprietary connector, at the input end. Connector 62 is nor-
mally connected to a standard fiber optic light guide cable that
conducts light from an external light source. Since blade
insert illumination system 54 is made to minimize light loss,
portable LED light sources may be attached directly to con-
nector 62 or via a much shorter fiber optic light guide cable.
Short section of fiber optic cable 58 is flexible and allows
considerable latitude in how the connector 62 and light guide
cable are oriented. For example, the connector 62 may be
placed toward handle 56H of retractor 56 or it may be placed
on either side in order to keep out of the way of the surgeon
and any other equipment that may be in use.

Single element extended blade illuminator system 64 of
FIG. 5 is a simple blade insert illuminator designed to fit long
blade retractors such a retractor 66. Illluminator waveguide 68
receives light at input 69, conducts light through total internal
reflection throughout center portion 68C, and output optical
structures such as output structure 70 directs the light toward
a predetermined area to be illuminated.

FIGS. 4 and 5 illustrate that a blade insert illuminator may
be provided in different sizes appropriate for the size of the
retractor blade with which it is to be used. Blade insert illu-
minator 72 of FIG. 5A is an extended waveguide blade illu-
minator with a rigid light input component 73 in the place of
the short section of fiber optic cable 58 as shown in FIGS. 4
and 5. Rigid light input component 73 allows all of the light
guiding sections, waveguide 74 and rigid light input compo-
nent 73, to be molded as one device, thereby reducing cost of
the assembly. Support gussets or flanges such as flanges 75
may be added to provide stability. Flanges 75 may have a
coating or film applied to prevent light from escaping or may
be made from a different material, for example, using a co-
molding or overmolding process. Rigid light input compo-
nent 73 may have an orthogonal input as shown, requiring
light directing, structure 76 to direct light from connector 62
down to waveguide 74 of the waveguide illuminator. Rigid
light input component 73 may also be formed with a radius, as
shown in FIG. 5, and using total internal reflection to guide
the light from connector 62 to the body of the waveguide.
Rigid light input component 73 may also be made rotatable,
thereby allowing the fiber optic light guide cable to be posi-
tioned as needed around the surgical field to avoid interfer-
ence with other instruments.

FIG. 6 illustrates alternate modular blade insert illuminator
elements 80A and 80B showing an alternative placement of
latches 82 that hold the waveguide components together.
Keeping the latches off to the side of the components, rather
than in front as shown in FIG. 3, reduces the likelihood ofthe
latches being accidentally disengaged or broken by surgical
instruments during the course of a surgical procedure. Any
other suitable mechanisms may be used to attach the modular
components to each other, e.g., dovetail joints, tongue-and-
groove joints, adhesives that are preferably index matching
adhesives, etc., to optimize light coupling from one module to
the next. The attachment mechanisms may also be separate
from the optical path, for example, metal pins and sockets
may be located in optically inactive areas of the modules.

FIG. 7 is a side view of an alternate modular blade insert
illumination system 84 wherein each subsequent waveguide
section is lessened in thickness 85. This allows output optical
structures such as output structures 86 to be placed at the
exposed end of the upstream waveguide, thereby allowing
light to be directed from each waveguide section such as
sections 84A, 84B, 84C. Each waveguide component such as
sections 84 A, 84B may have a bottom surface that contains
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output optical structures 86 over much of its surface to act as
a terminal illumination component in case no other subse-
quent waveguide components are attached. Light output sec-
tion 84C shows stepped output optical structure 88 on the
front side and output optical structures 89 on the back side.
Without output optical structures 88 that direct light out of
the, face, light would be lost out the end of light output section
84C, therefore, the combination of output optical structures
88 and 89 contribute to higher efficiency through less lost
light.

Referring now to FIG. 8, winged blade insert illuminator
90 is shown engaged to retractor 91. llluminator 90 has inte-
grated wings 92 that may serve an additional retracting func-
tion. Wings 92 are oriented generally parallel to long axis 87
ofilluminator 90. In this configuration, light is directed to exit
output optical structure 94. Light enters illuminator 90 via
light input component 95, which may be a fiber optic com-
ponent or a rigid light conducting component at previously
discussed. Because total internal reflection may allow light to
enter wings 92, the wings may need a reflective coating to
prevent light from exiting the wings and being lost or shining
into unwanted directions, such as back into the surgeons eyes.

FIG. 9 illustrates another alternate blade insert illuminator
90A that has a light directing element 96, which serves to
direct the light coming into the middle of the illuminator out
toward the wings 92 A. Output optical structures such as struc-
tures 97 and 98 may be placed on wings 92A and body
respectively to provide illumination from both structures as
shown by the arrows.

FIG. 10 illustrates another alternate blade insert illumina-
tor 90B with an extended light directing element 96B. In this
embodiment, optical output structures are placed only on the
wings 92B so that illumination, light energy 99, only exits
through extended output structures 97B in wings 92B as
shown by the arrows. Extended light directing element 96B
has reflective walls such as wall 93 that extend to output end
90E of illuminator 90B to maximize light reflected to the
wings 92B. This configuration also includes alternative latch
arm 100 oriented near the interface with retractor 102 to
engage cutouts or detents such as detents 103A, 103B and
103C located in retractor 102. Latch arm 100 maybe made of
the same material as the waveguide or may be made of a
different material for durability. For example, latch arm 100
may be made from steel or titanium and insert molded into
illuminator 90B.

Alternatively, a retractor blade may be inserted into one or
more slots in the illuminator waveguide to provide rigidity
and or to enable cooperation with surgical site retention appa-
ratus.

Comolded blade insert illuminator 104 of FIG. 11 includes
waveguide section 106 has been comolded or over-molded
with wing and body retractor portions 104W and 104B
respectively, which are made of a different material. For
example, retractor wing and body portions 104W and 104B
may be made of a stronger, glass reinforced plastic or steel or
titanium for strength while waveguide section 106 is molded
from a suitable optical material such as acrylic, polycarbon-
ate, silicone or other similar optical materials.

While the preferred embodiments of the devices and meth-
ods have been described in reference to the environment in
which they were developed, they are merely illustrative of the
principles of the inventions. Other embodiments and configu-
rations may be devised without departing from the spirit of
the inventions and the scope of the appended claims.
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We claim:

1. A modular surgical illumination system comprising:

ablade insert illuminator comprising a light input element,

at least one light conduit section, and a light output
element,

wherein the at least one light conduit section is disposed

between the light input element and the light output
element,

wherein the light input element, at least one light conduit

section, and the light output element are releasably
engaged together so as to maintain a secure optical con-
nection therethrough, and

wherein at least one releasable engagement is disposed

over a blade, and

wherein the at least one light conduit section and a portion

of the light output element act as waveguides.

2. The system of claim 1, further comprising a blade retrac-
tor coupled to the blade insert illuminator.

3. The system of claim 2, wherein the blade insert illumi-
nator is releasably coupled with the blade retractor through a
channel] formed in the blade retractor.

4. The system of claim 2, wherein a substantial portion of
the light input element is substantially transverse to the blade
retractor when releasably coupled thereto.

5. The system of claim 1, wherein the light output element
comprises one or more light output structures.

6. The system of claim 5, wherein the one or more light
output structures comprise one or more stair stepped facets.

7. The system of claim 5, wherein the one or more light
output structures comprise one or more lenses.

8. The system of claim 1, wherein light passes through the
at least one light conduit section and the portion of the light
output element by total internal reflection.

9. The system of claim 1, wherein a detent is formed in the
light input element and the at least one light conduit section
comprises a latch adapted to releasably engage the detent.

10. The system of claim 1, wherein the at least one light
conduit section comprises an engagement structure and the
light output element comprises an engagement arm adapted
to releasably engage the engagement structure.

11. The system of claim 1, wherein the at least one light
conduit section comprises a first light conduit section and a
second light conduit section, the first light conduit section and
the second light conduit section being releasably engaged
with one another so as to maintain a secure optical connection
therebetween, and wherein the first light conduit section com-
prises an engagement structure and the second light conduit
section comprises an engagement arm adapted to releasably
engage the engagement structure.

12. The system of claim 1, wherein the at least one light
conduit section comprises an engagement structure and the
light output element comprises an engagement arm adapted
to releasably engage the engagement structure.

13. The system of claim 1, wherein a distal portion of the
light input element comprises a male engagement member
and a proximal portion of the at least one light conduit section
comprises a receptacle adapted to releasably capture the male
engagement member.

14. The system of claim 1, wherein the at least one light
conduit section comprises a first light conduit section and a
second light conduit section, the first light conduit section and
the second light conduit section being releasably engaged
with one another so as to maintain a secure optical connection
therebetween, and wherein a distal portion of the first light
conduit section comprises a male engagement member and a
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proximal portion of the second light conduit section com-
prises a receptacle adapted to releasably capture the male
engagement member.

15. The system of claim 1, wherein a distal portion of the at
least one light conduit section comprises a male engagement
member and a proximal portion of the light output element
comprises a receptacle adapted to releasably capture the male
engagement member.

16. The system of claim 1, wherein the light input element
comprises a bifurcated fiber optic cable.

17. The system of claim 1, wherein the light input element
comprises an integrated fiber optical cable having a plurality
of fiber optic strands.

18. The system of claim 1, wherein the light input element
is rotatable relative to the blade retractor when releasably
coupled thereto.
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